ABSTRACT This study aimed to assess the predictors of non-adherence to antihypertensive medications in northern United Arab Emirates. In a cross-sectional, multicentre study in Ajman Emirate, 250 patients with hypertension were randomly selected from outpatient clinics. Participants answered an interview questionnaire about sociodemographic and clinical data and completed the Morisky medication adherence scale. Non-adherence to antihypertensive medication was reported by 45.6% of patients. Sociodemographic predictors of non-adherence were sex and number of children. Therapy-related predictors of adherence were hospital admissions, number and cost of medications, medication perceived effectiveness and use of traditional remedies. Patient-related predictors of non-adherence were forgetfulness, method of identifying medication and poor awareness of hypertension complications. Health-care-related predictors were regular follow up at clinics, education and counselling, frequency of changing medication by physicians and awareness of physicians' instructions. 
Introduction
Hypertension is a major risk factor for cardiovascular disease and it is one of the most common chronic diseases in the United Arab Emirates (UAE) (1) . The UAE is a modern and prosperous society with sedentary lifestyles and high cardiovascular disease risk profiles (2, 3) . In 2010 a report of mortality rates in Abu Dhabi Emirate showed that the top cause of mortality for both UAE nationals and expatriates was circulatory system diseases, accounting for at least 27% of deaths. The age-standardized mortality rates for cardiovascular disease were also significantly higher in the UAE as compared with other countries (1) .
Management of hypertension places great challenges on both patients and health-care professionals. Successful control of blood pressure is important for the reduction of morbidity and mortality rates; several studies have demonstrated the impact of antihypertensive medication in improving clinical outcomes (4) (5) (6) . Adherence to antihypertensive medication is one of the most important factors affecting hypertension management outcomes in terms of quality of life and complications (5, 7) . Non-adherence to medication, which occurs for a number of different reasons, results in suboptimal blood pressure control, which can lead to cardiovascular events, mortality and increased health care costs (8) .
Medication adherence is defined as "the extent to which patients take drugs as instructed by their health care practitioners" (9) . A World Health Organization (WHO) report stated that poor adherence to medication is the most important cause of uncontrolled blood pressure and estimated that 52-74% of patients with high blood pressure do not take their antihypertensive medication as prescribed (10) . Non-adherence remains a major problem among patients with hypertension and has been identified as one of the main causes of failure in achieving blood pressure control (10, 11) .
Numerous studies have been conducted worldwide to investigate the level of medication adherence and factors affecting it. A review of studies performed in Middle Eastern countries highlighted the problem of non-adherence to medication among patients with chronic diseases (12) . However, there was great variation in the reported rates of non-adherence across the countries, probably due to differences in the definitions of adherence/non-adherence used as well as to differences in the study designs. Some barriers and predictors of non-adherence among patients in this region were identified. However, the 19 studies reviewed did not enable meaningful conclusions regarding levels of adherence to be drawn. The review findings highlight the need to expand this area of research in the region and to improve the quality of such research. It concluded the need for further research on the rate of non-adherence and barriers to patients' adherence to their medication in order to identify the type of interventions (12, 13) .
Only limited data from the UAE are available about adherence to medication among patients with hypertension, and the magnitude of and reasons for non-adherence to antihypertensive medication has not been well investigated in this population. We therefore aimed to assess medication adherence and factors predicting non-adherence in patients with hypertension attending multicentre, outpatient hypertension clinics covering both government and private sectors. The objective was to inform the current clinical practice about adherence to antihypertensive medication.
Methods

Study design and sites
A multicentre, cross-sectional study was conducted in Ajman Emirate in the UAE from March 2012 to April 2013. The study sites were 5 outpatient hypertension clinics in 2 government and private hospitals and 3 private clinics. Stratified random sampling was used in selecting the main clinics, based on the geographical distribution as 2 main hospitals (out of 8) and 3 main hypertension private clinics (out of 12).
The study was ethically approved by the health authorities in each of the surveyed facilities and the institutional ethics review board of the university.
Sample and sampling procedure
The following assumptions were made to estimate the sample size. In the absence of any previous data from the UAE, 80% was taken as the prevalence of non-adherence among patients with chronic disease based on pilot study data, with 95% confidence level and margin of error 5% (d = 0.05). The following formula was used to estimate the sample size:
Where n = required sample size; Z = confidence level at 95% (standard value of 1.96); P = estimated prevalence of non-adherence based on pilot study results (≈ 80%); m = margin of error at 5% (standard value of 0.05). Computing with the above formula gave a total sample size of 246. Hence, we chose 265 as the sample size to account for any dropouts or lost subjects. We also confirmed the appropriate calculated sample size against previous results from the literature as a benchmark to estimate the prevalence of adherence.
The population covered by these facilities was nearly 500 000. Patients visiting the clinics comprised the study population. The study sample were patients with hypertension selected randomly (using consecutive sampling) from the registries of the outpatient hypertension clinics in the surveyed facilities. We included patients diagnosed with hypertension for 1 year or more, of both sexes, aged >18 years, having no hypertension-related complications questionnaire. Respondents with MMAS-4 scores < 3 were considered as non-adherent and those with scores of 3-4 were considered adherent to antihypertensive medication. The measurement of the overall non-adherence level to antihypertensive medication was based on the 4 items of the MMAS-4 score.
The data were analysed using SPSS, version 21. Descriptive statistics were done for demographic data. The chisquared test was applied to assess the association of different sociodemographic data with adherence to antihypertensive medication. In cases with cell counts below 5, the significance of results were analysed with Fisher exact test. P-value < 0.05 was considered to be statistically significant. We used multivariate regression analysis to identify the predictors of adherence and to relate adherence to antihypertensive medication with other factors (disease and medication-related, patient-related and health system-related variables).
Results
Background sociodemographic data
From the 265 recruited patients 15 were lost to follow up and therefore the final number of participants who completed the study was 250 (response rate 94.3%). The sociodemographic characteristics of these patients were 134 (53.6%) males and 116 (46.4%) females, with a mean age of 44 [standard deviation (SD) 5.6] years ( Table 1 ). The majority were married (77.2%), had ≥ 2 children (79.6%) and were aged ≥ 50 years (64.4%). There was a high proportion with secondary or university education (78.0%). A total of 60.0% were in employment and most of the sample were classified as having a low monthly income, i.e. < 5000 Arab Emirati dirham (AED). and willing to participate in the study. Any patients who were pregnant or breastfeeding were excluded from the study. We recruited 53 patients from each clinic (total 265).
Data collection
Questionnaires
We developed and validated a study questionnaire to obtain data from patients on factors predicting adherence to antihypertensive medication. The questionnaire comprised 3 subsections: disease status and medication-related factors (10 items), patient-related factors (7 items) and health-care system factors (4 items). The questionnaire was delivered in a structured interview. The validation involved translation and assessing the cross-cultural validity of the tool. The piloting of the developed tool was performed on a sample of 40 patients with hypertension who were selected based on similarity to the study sample. The questionnaire was modified as appropriate and was tested for internal consistency reliability (i.e. calculating a reliability estimate based on a single form of a test administered on a single occasion using Cronbach alpha). The reliability analysis yielded an acceptable Cronbach alpha score of 0.71.
Morisky medication adherence scale
We used the structured, validated Morisky medication adherence scale (MMAS-4) to measure adherence to antihypertensive medication (14) . The MMAS-4 is a generic self-reported, medication-taking behaviour scale in which the specific health issue (e.g. high blood pressure) is inserted for the "health concern". The MMAS-4 consists of 4 items with a scoring scheme of yes = 0 and no = 1. The items are summed to give a range of scores from 0 to 4. The scale items for this survey were: "Do you ever forget to take your antihypertensive medication?"; "Do you have problems remembering to take your antihypertensive medication?"; "When you feel better, do you stop taking your antihypertensive medication?"; and "Sometimes if you feel worse when you take your antihypertensive medication, do you stop taking it?"
The original English version was translated into Arabic language (forward and backward translation) and tested for validity. The translated Arabic version of the MMAS-4 score was tested for reliability via a procedure that included a review of questions and responses by expert pharmacists (n = 6) from the College of Pharmacy in Ajman University of Science and Technology. Furthermore, a pilot study was conducted on a sample of 40 patients with hypertension who were selected based on their similarity to the study sample. The pilot phase showed that the questionnaire was able to collect the required information and the ease and clarity of the questions were ensured. The translated version was tested for internal consistency reliability as before and yielded an acceptable Cronbach alpha score of 0.82.
Procedure
Patients who met the inclusion criteria were informed about the purpose of the study and invited to participate, and subjects who agreed to participate signed the consent form. The recruited patients were interviewed to fill the study baseline questionnaire (sociodemographic and clinical data) and the MMAS-4. Clinical data, including blood pressure readings, prescribed medication and comorbidities were obtained from the patients' electronic medical records as appropriate. Followup data (e.g. blood pressure readings) was obtained during patients' clinic visits. Recruited patients were followed up for a period of 1 year. Participants were not given any reward or compensation for participating.
Data analysis
The primary outcome was the scores of MMAS-4 and the interview
Non-adherence to antihypertensive medication
A total of 114 patients were determined to be non-adherers to antihypertensive medication (i.e. MMAS-4 scores < 3), a non-adherence rate of 45.6%. The overall MMAS-4 score for non-adherence to antihypertensive medication was < 2 (SD 0.23). Table 2 shows that the only sociodemographic variables that were significantly associated with non-adherence to antihypertensive medication were sex and number of children. More males were non-adherers to antihypertensive medication than were females (P = 0.01) and patients with ≥ 2 children were more likely to be non-adherers compared with patients who had 0 or 1 children (P = 0.03). Factors with no significant association with non-adherence to antihypertensive medication included: age, nationality, level of education, marital status, occupation, monthly income and having health insurance coverage (Table 2) .
Sociodemographic predictors of adherence to antihypertensive medication
Disease status and medication-related factors
Some disease status and medicationrelated factors did not show any significant association with non-adherence to antihypertensive medication: duration of disease, comorbidity, symptoms of hypertension (e.g. headache), medication side-effects and blood pressure control (P > 0.05). On the other hand, hospital admission was a significant factor, whereby patients who had ≥ 1 admissions to hospital had a higher rate of non-adherence to antihypertensive medication as compared with their counterparts with < 1 admission (P < 0.05). Patients on ≥ 2 antihypertensive medication were more non-adherent than those on only 1 type of medication. The patients' perceived effectiveness of antihypertensive medication, the cost of medication and the patients' use of traditional remedies also showed a significant association with non-adherence to antihypertensive medication (P < 0.05) ( Table 3) .
Patient-related factors
The patient-related factors that were significantly associated with non-adherence to antihypertensive medication were forgetfulness, being aware of the complications of hypertension (P < 0.001) and the method of identifying their medication (P < 0.01). Patients who identified their antihypertensive medicine by the colour or shape of the package were more non-adherent than those who knew the name of their medication. On the other hand, patients' beliefs regarding their medication and the seriousness of their condition, trusting the physician's diagnosis, regular blood pressure monitoring and awareness of the importance of diet in controlling their blood pressure did not show any significant association with adherence to antihypertensive medication (Table  4) . Although those without family support tended to more non-adherent, the numbers were very small and the difference was not statistically significant (P = 0.45) . Health care system-related factors Table 5 showed the association between non-adherence to antihypertensive medication and predictors related to the health-care system. Patients whose last clinic visit was > 1 month ago were significantly more likely to be nonadherers (P < 0.001). Patients who had had any form of medication education (offered by health-care providers) were more adherent to their antihypertensive medication as compared with their counterparts who had not (P < 0.001).
Patients whose antihypertensive drugs were changed more than once by the physician were significantly more likely to be non-adherers (P = 0.02). There was a significant association between patients' awareness of their physician's instructions regarding their medication and non-adherence to antihypertensive medication (P < 0.001).
Discussion
We assessed medication adherence in patients with hypertension in multicentre outpatient hypertension clinics settings covering both government and private sectors. The status of adherence and factors associated with non-adherence to antihypertensive medication were examined with a validated MMAS-4 score and a multifaceted validated questionnaire. The MMAS-4 scores yielded a rate of non-adherence to antihypertensive medication of nearly 50%. This is similar to the WHO reported range of 50-70% as the extent to which patients adhere to pharmacotherapy for hypertension (15) . Our finding is consistent with other international studies (15) (16) (17) (18) , including studies conducted in the Middle East (19) (20) (21) (22) (23) (24) . The latest 7 studies conducted in the Middle East among hypertensive patients have reported medication non-adherence rates between 23% and 49.5%. Our results concerning the demographic predictors of non-adherence suggested that there were no differences between age groups regarding adherence to antihypertensive medication. This contradicts the findings of 2 other studies (25, 26) , which might be attributed to the dichotomous age grouping (≥ 50 and < 50 years) in our study rather than to the age variable itself. We found that male patients were more non-adherent to medication as compared with females and this finding is in agreement with other studies (25, 27) . In contrast, Holt et al. showed no differences between the sexes regarding adherence to medication (28) and Shan et al. found that females were more non-adherent to medication than males (29) .
To the best of our knowledge there are no reported studies on the relation between the number of children and the level of non-adherence to medication which we addressed in our study. There was a significant association between having a higher number of children and non-adherence. This might be attributed to other reasons such as the stress of responsibility or to the financial burden of a higher number of children on the family.
The factors that significantly predicted patients' adherence to antihypertensive medication pertinent to disease status and medication were: hospital admissions, cost of medication, perceived effectiveness of medication and use of traditional remedies. Those patients who were admitted to hospital ‫ﺍﳌﺘﻮﺳﻂ‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ ‫ﺍﻟﻌﴩﻭﻥ‬ ‫ﻭ‬ ‫ﺍﳊﺎﺩﻱ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﻟﻌﺪﺩ‬ more than once during the previous year exhibited greater non-adherence to antihypertensive medication as compared with those who were not admitted or admitted only once. This finding is consistent with most literature regarding the effect of hospital admissions on non-adherence (30, 31) . Therefore, hospital admission can be targeted as a good predictor for medication nonadherence, as it provides an opportunity for health-care practitioners to target those patients and monitor them. Among the disease-related variables which we assessed there were no significant correlations between patients who had comorbidities and patients who only had hypertension, which contrasts with the findings in some other studies (29, 32) .
Medication-related factors indicated that patients who were taking more than one hypertension medication were less likely to adhere. This finding is in agreement with other studies, (30, 31) , although the study of Natarajan et al. showed the opposite (33) . Although patients who suffered from side-effects showed a higher non-adherence rate than those without side-effects in our study (60.9% versus 39.1%) this variable was not a statistically significant predictor of non-adherence. This is inconsistent with some studies (21, 24, 34) , although the discrepancy may be because these researchers used a different expression to measure this variable ("stop taking medications if the patient felt worse").
Patients' perceptions of the effectiveness of their medication was another significant factor predicting medication adherence in our study, as patients who felt that their medication was ineffective were more likely to be non-adherent. Similarly, patients who used herbal or traditional remedies were less compliant with hypertension medication. These findings are similar to another study (35) .
Regarding financial factors, a higher cost of hypertension medication had a significant association with non-adherence, as reported previously (36) . Although the UAE is one of the highest income countries in the WHO Eastern Mediterranean Region, the minimum national wage is less in the northern Emirates as compared with the other, richer Emirates of Dubai and Abu Dhabi. Increasing living costs in the UAE may have led some patients with hypertension to consider their medication costs as a lower priority option. Also another possible reason is that 40% of the participants in this study were unemployed. The patient-related factors significantly associated with non-adherence to antihypertensive medication were patients' method of identification of their medication and awareness of hypertension complications. This is in agreement with some other studies in the Middle East (21, 24) and elsewhere (27, 37) . Only a small number of patients were not receiving assistance from others (family) to take their medication and they tended to more non-adherent than those with family support; however, the difference was not statistically significant. Studies in other countries have shown that family support is important in adherence to medication (27, 37, 38) . To our knowledge, there are no studies reporting the association between the methods patients use to identify medication and non-adherence. We showed that patients who identified their medication by the colour or shape of the package were more non-adherent than those who were familiar with the names of the medication. Another study examined the effect of a medication calendar in improving patients' adherence (39) . Therefore, some patients may need to be educated to memorize their medication names and assessed for their ability to identify their medication by name.
Health-care system factors significantly associated with adherence to antihypertensive medication were: regular clinic follow-ups, education and counselling by health-care professionals, more than one change in antihypertensive therapy and awareness of the physician's instructions. This was in agreement with some other studies in the Middle East which also showed that irregularity of clinic follow-up (23) and lack of health education were significant factors in non-adherence to antihypertensive medication (24) . Regular follow up at clinics was reported previously as a factor having a positive impact on patients' adherence (40) . Physicians' communication with patients with hypertension and clear instructions on antihypertensive medication were anticipated to affect patient's adherence positively. There was also a positive impact of the education and counselling (offered by health-care professionals) on patients' adherence to their antihypertensive medication as indicated in similar studies (41, 42) . The frequency of medication changes by the physician affected our patients' adherence in a negative fashion, as reported in another study (43) . This might be attributed to patients' confusion with frequent changes of medication.
There were several limitations to our study. We used a self-reported questionnaire (the MMAS-4) to evaluate patients' adherence which might overestimate the issue of adherence to antihypertensive medication. There is no gold standard for measuring adherence, and the selection of a particular method varies depending on the availability of tools and researcher preference and accordingly large deviations in the assessment of adherence will occur even in the same sample of patients. Also, this study did not target adolescents on hypertensive medication even though this age group has recently attracted researchers studying non-adherence. Lastly, we did not use randomization in the sample, therefore the generalizability of the results cannot be assured.
Conclusions
The rate of non-adherence to antihypertensive medication was similar to We recommend further research on predictors and barriers to patients' adherence to their antihypertensive medication in order to recognize and standardize the interventions that may be deployed for improving adherence. We suggest routine use of adherence questionnaires in hospitals to help to identify patients who are non-adherers to anti-hypertensive medication.
In order to link research to practice, the study results were disseminated to the local hospitals to implement adherence to antihypertensive medication as part of their care plan. The authors recommended assessing adherence to antihypertensive medication as part of the daily care plan. Electronic clinical decision-making systems for patient profiles should include tools for assessing patient adherence to medication. Funding: None. Competing interests: None declared.
